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(54) DRAM trench capacitor 

(57) A bottle-shaped trench capacitor having an ex- 
panded lower trench portion with an epi layer therein. 
The epi layer serves as the buried plate of the trench 
capacitor. A diffusion region surrounds the expanded 
lower trench portion to enhance the dopant concentra- 
tion of the epi layer The diffusion region is formed by, 
for example, gas phase doping, plasma doping, or plas- 
ma immersion ion implantation: 
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Descriplion 

[0001] The invention generally relates to device and 
device fabrication and. more particularly to a bottle- 
shaped trench capacitor 5 
[0002] Integrated circuits (ICs) or chips employ ca- 
pacitors for charge storage purposes An example of an 
!C that employs capacitors for storing charge is a mem- 
ory IC such as a dynamic random access memory 
(ORAM) chip The levet of the charge ("0" or "1") in the to 
capacitor represents a bit of data 
[0003] A DRAM chip includes an array of memory 
^ cells interconnected by rows and columns Typically, the 
row and column connections are referred to as word- 
lines and billines. respectively. Reading data from or is 
writing data to the memory cells is accomplished by ac- 
tivating the appropriate wordlines and bitlines 
[0004] Typically, a DRAM memory cell comprises a 
transistor connected to a capacitor. The transistor in- 
cludes two diffusion regions separated by a channel. 
above which is located a gate. Depending on the direc- 
tion of current flow between the diffusion regions, one 
is referred to. as the drain and the other the source. The 
terms "drain" and "source* are herein used interchange- 
ably to refer to the diffusion regions. The gate is coupled 25 
to a wordline, one diffusion region is coupled to a bitline. 
and the other diffusion region is coupled to the capacitor 
[0005] Applying an appropriate voltage to the gate 
switches the transistor "on," enabling current to flow 
through the channel between the diffusion regions to 30 
form a connection between the capacitor and bitline 
Switching off the transistor severs this connection by 
preventing current from flowing through the channel. 
[0006] One type of capacitor that is commonly em- % 
ployed in DRAMs is the trench capacitor. A trench ca- 35 
pacitor is a three-dimensional structure formed in the 
substrate. Typically, a trench capacitor comprises a 
deep trench etched into the substrate. The trench is 
filled, for example, with n-type doped poly. The doped 
poly serves as one electrode of the capacitor (referred *o 
to as the "storage node"). An n-type doped region sur- 
rounds the lower portion of the trench, serving as a sec- 
ond electrode. The doped region is referred to as a "bur- 
ied plate." A node dielectric separates the buried plate 
and the storage node. 45 
[0007] A conventional technique for forming the bur- 
ied plate includes outdiffusing dopants into the region of 
the substrate surrounding the lower portion of the 
trench. The dopant source is typically provided by an n- 
type doped silicate glass such as, for example, arsenic so 
doped sflicate glass (ASG). 

[0008] After formation of the buried plate, the node di- 
electric is deposited to line the sidewalls of the trench 
However, conventional techniques for forming a buried 
plate resuli in the trench sidewalls having a relatively 55 
rough surface The rough surface of the trench sidewalls 
degrades the quality of the node dielectric, adversely af- 
fecting yields 



[0009] From the above discussion it is desirable to I 
provide a trench capacitor having reduced surface j 
roughness in the trench sidewalls 
[0010] The invention relates to an improved bottle- 
shaped trench capacitor such as one employed in a 
memory cell In one embodiment, the trench capacitor 
<s employed in a DRAM cell of. for example, a DRAM or 
an embedded DRAM chip The bottle-shaped trench ca- 
pacitor comprises a lower portion having a diameter or 
width greater than the upper portion of the trench, which 
gives it a bottle shape An epitaxial layer lines the lower 
portion of the trench In one embodiment, the epitaxial 
(epi) layer is doped to serve as a buried plate of the ca- 
pacitor. A diffusion region is provided in the lower portion 
of the trench The diffusion region is doped with dopants 
of the same electrical type as the epi buried ptate. Above 
the epi buried plate is a dielectric collar. A node dielectric 
lines the collar and epi buried plate : isolating the storage 
node of the trench capacitor from the buried plate The 
storage node is doped with dopants having the same 
electrical type as the epi buried plate An epi spacer lay- 
er can be used to provide separation between the doped 
epi juried plate and the substrate. In an alternative em- 
bodiment the epi layer is undoped. 

Fig 1 shows a conventional DRAM cell; 
Figs. 2a-b show a conventional process for forming 
a buried plate in a DRAM cell; 
Fig. 3 shows a DRAM cell in accordance with one 
embodiment of the invention; 
Figs. 4a-d show a process in accordance with one 
embodiment of the invention for forming the DRAM 
cell of Fig. 3. 

Fig. 5 shows an alternative embodiment of the in-, 
vention: 

Figs. 6a-c show a process for forming a collar in ac- 
cordance with one embodiment of the invention; 
and 

Figs. 7a-d show another process for forming a collar 
in accordance with the invention. 

[001 1] The present invention relates to ICs in general 
and, more particularly to trench capacitors. Such ICs in- 
clude, for example, memory ICs such as random access 
memories (RAMs) : dynamic RAMs (DRAMs), synchro- 
nous DRAMs (SDRAMs), static RAMs (SRAMs), and 
readonly memories (ROMs) or other memory ICs. Other 
ICs include logic devices such as programmable logic 
arrays (PLAs), application specific ICs (ASICs), merged 
logic/memory ICs (embedded DRAMs), or any circuit 
devices. 

[0012] Typically a plurality of ICs are fabricated on a 
semiconductor substrate, such as a silicon wafer, in par- 
allel After processing, the water is diced in order to sep- 
arate the ICs into a plurality of individual chips. The chips 
are then packaged into final products for use in. for ex- 
ample, consumer products such as computer systems, 
cellular phones, personal digital assistants (PDAs), and 
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Oihe* products r or purposes pi discussion .the inven- 
tion is desc-toed in the conicxl of lormmg a single ceil 
[0013] For purposes ol discussion the present invenr 
tic*- is described in :ne context of a DRAM cell However 
inc invention extenos io formation ol trench capacitors 
in general To better understand the invention, a descrip- 
tion ol a conventional ;rench capacitor DRAM celt is pro- 
vided. .. ' : 

[0014], Relerring to Fig i a conventional trench ca- 
pacitor DRAM cell 100 is shown Such a' conventional 
trench capacitor DRAM cell is described in for example, 
Nesbitetai AO 6 pm 2 256Mb Trench DRAM Cell With 
Self- Aligned Buried Strap (BEST) IEDM 93-627. which 
is herein incorporated by reference for all purposes 
Typically, an array of cells is interconnected by word- 
lines and bitlmes to form a DpAM chip 
[0015] The DRAM cell, comprises a trench capacitor 
160 formed in a substrate 101 Thesubstrate is lightly 
doped with p-type dopants (p ). such as boron (B). The 
trench is tilled with, typically, polysilicon (poly) 161 heav- 
ily doped with n-dopants (n + ) such as arsenic (As) or 
phosphorous (P). A buried plate 165 doped with : tor ex- 
ample, As is provided in the substrate surrounding the 
lower portion of the trench The As is diffused into the 
silicon substrate from a dopant source such as ASG, 
that is formed on the sidewalls of the trench The poly, 
and buried plate serve as the electrodes of the capacitor 
A node dielectric 164 separates the electrodes 
[0016] The DRAM cell also comprises a transistor 
110 The transistor includes gate 112 and diffusion re- 
gions 11 3 and 114. The diffusion regions which are sep- 
arated by a channel, are formed by implanting n-type 
dopants such as phosphorus (P) A node diffusion re- 
gion 125, referred to as the "node junction," couples the 
capacitor to the transistor The node diffusion region is, 
formed by out diffusing dopants from the trench poly 
through a buried strap 162. 

[0017] A collar 166 is formed at an upper portion of 
the trench As used herein, the upper portion of the 
trench refers to the section that includes the collar and 
the lower portion refers to the section below the collar 
The collar prevents leakage of the node junction to the 
buried plate Leakage is undesirable as it degrades the 
retention lime of the cell 

[0018] A buried well 170 comprising n-type dopants, 
such as P or As, is provided below the surface of the 
substrate .The peak concentration of dopants in the bur- 
ied n-well is at about the bottom of the collar Typically, 
the well is lightly doped compared to the buried plate. 
The buried well serves to connect the buried plates of 
the DRAM cells in the array 

[001 9] Activating the transistor by applying the appro- 
priate voltages at the gate and bitlme accesses the 
trench capacitor Generally, the gale lorms a wordline 
and the diffusion region 1 1 3 is coupled to a bitlme 1 85 
in the DRAM array via a contact 183 The bitlme 185 is, 
isolated.frqm the diffusion region by an interlevel dielec- 
tric layer 189 



67 644 A2 

(0020) A shallow trench • sptaiion ( ST!) 180 is provided 
ip isolate the DRAM cell from other cells or devices As 
shown, a wprdlme 120 is iDrmcd over the trench and 
isolated therefrom by the GTi Woraime 120 is relerred 

.5 , to as the "passing wordline " Such a configuration is re- 
ferred to as a folded bitlme architecure 
[0021] Figs 2a-b show a conventional process lor 
forming a buried plate ol a DRAM cell Referring to Fig 
2a. a pad stack 207 is formed on ihe surface of the sub : 

io slrate2Ql The pad stack comprises various layers such 
as a pad oxide 204 and Dad stop layer 205 The pad 
stop layer comprises for example nitride The pad 
slack also includes a hard mask layer 206 formed above 
the pad stop layer The hard mask serves as an etch 

'5 mask for forming the trench The pad stack is patterned, 
using conventional lithographic and etch techniques ip 
define a region in which a trench 2i0 is to be formed 
[0022] Formation of the trench is accomplished by an 
anisotropic etch such as reactive ion etching (RIE) The 

20 trench is then lined with an ASG layer 220\ serving as 
a dopant source for forming the buried plate A thin TE- 
OS layer may be formed over the ASG to ensure that 
there is good adhesion with a deposited resist layer 230 
■« that fills the trench The resist is recessed, exposing the 

25 ASG layer in the upper portion of the trench. The ex- 
posed ASG is removed by a wet etch process 
[0023] Referring to Fig 2b the remaining portion of 
the resist is removed from the trench selective to the 
ASG A dielectric layer 208 comprising, for example. TE- 

30 OS is deposited over the trench The TEOS layer pre- 
vents As atoms from autodoping the exposed upper por- 
tion of the silicon sidewalls An anneal is peiiormed to 
outdiffuse the As atoms from the ASG into the silicon 
. «. creating a buried plate 265 The fop. port ion of the buried 

35 plate contacts a buried n-well 270 After the formation 
of the buried plate the remaining portion of the DRAM 
is fabricated to result in for example a DRAM cell as 
shown in Fig. 1 

[0024], Fig. 3 shows an embodiment of the invention 
40 As shown, a DRAM cell 300 includes a trench capacitor 
310. Illustratively the DRAM cell is a merged isolation 
node trench (MINT) cell Other trencr cell configurations 
that employ, a buried plate are aisc useful For a 256 
megabit QRAM chip with feature size (F) of about 
45 0.25pm, the dimensions of the trench capacitor are 
about 7 - 8pm deep, 0 25pm wide and 0.50 urn long 
with a unit cell dimension ol about 0 505pm 2 Of course 
trie dimensions can vary depending on design require- 
ments and design rules For example a DRAM chip with 
50 feature size (F) of about 0 1 5um the dimensions of the 
trench capacitor are about 7 - Sum ceep, 0 15pm wide 
and 0.30 pm long with a unit cell cimension of about 
0.2pm 2 

[0025] As shown the trench capacitor is formed in a 
55 substrate 301 such as a silicon wa er Other types of 
semiconductor substrates are aisc useful The sub- 
strate, for example is lightly doped with dopants having 
an electrical type In one embodiment the substrate is 
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doped wilh p-type dopants such as B Also the use of 
n-type dopants such as As or P to lightly dope the sub- 
strate is also useful More lightly or more heavily doped 
substrates are also uselul, depending on design re- 
quirements and applications A heavily doped substrate 
with a lightly doped epitaxial layer such as a p-/p+ or 
n-/n+ substrate is also uselul 

[0026] A doped well 330 comprising dopants having 
the first electrical type isolates the array devices from 
the substrate to reduce leakage currents In one embod- 
iment, the doped well comprises p-type dopants form- 
ing a p-type well (p-well), The concentration ot the p- 
well is about 5xl0 17 - 3x10 17 cm" 3 An n-type doped well 
(n-well) is also useful. 

[0027] In accordance with one embodiment of the in- 
vention, the lower portion of the trench comprises a di- 
ameter or width (W L ) which is greater than about the 
diameter or width in the upper portion (Wy) of the trench, 
where the diameters are measured from the trench side- 
walls. Such a trench shape is referred to as a "bottle- 
shaped trench." In one embodiment, Wy < W L < W Q 
where Wp is less than that which would result in the 
trench contacting adjacent trenches, thereby leading to 
leakage and shorts between adjacent capacitors. Thus, 
the trench remains isolated from adjacent trenches 
Since adjacent trenches are typically separated by a dis- 
tance of about the minimum feature size (F), W Q is equal 
to about 2F, preferably about 2F-x where x is equal to 
about 25 urn. The value of x may also vary, depending 
on the shape of the trenches or other design require- 
ments. Increasing the surface area of the lower portion 
advantageously increases storage capacitance. 
[0028] Typically, the trench comprises poly 361 heav- 
ily doped with dopants having a second electrical type 
The poly is heavily doped wittv for example, n-type do- 
pants (h + ) such as As or P. In one embodiment, the poly 
is heavily doped with As The concentration of As is 
about 1 -2x10 l9 crrr 3 

[0029] An epitaxial silicon (epi) layer 365 lines the low- 
er portion of the trench below collar 368 The epi layer 
starts, for example, at about 1.2pm below the substrate 
surface. This distance depends on the collar and p-well 
depth. 

[0030] The epi layer is doped with dopants having the 
second electrical type. In one embodiment, the epi is 
doped with n-type dopants such as As or P. The epi layer 
serves as the buried plate of the capacitor. Alternatively, 
the epi layer 365 may comprise a plurality of epi layers 
A description of a trench capacitor having an epi buried 
plate is provided in United States Patent Application 
USSN 09/056,119, titled "TRENCH CAPACITOR WITH 
EPI BURIED LAYER," which is herein incorporated by 
reference for all purposes. In one embodiment, an epi 
spacer layer (not shown) is provided between the sub- 
strate and epi buried plate. The epi spacer layer is un- 
doped or lightly doped with dopants having the second 
electrical type, such as As or P. Providing the epi spacer 
layer is advantageous, particularly with applications us 



tng heavily doped substrates or lightly doped epi with 
heavily doped substrates The spacer layer provides a 
gradual doping transition between the oppositely doped 
substrate and buned plate 

5 [0031] A node dielectric layer 364 separates the elec> 
trodes of the capacitor In one embodiment, the dielec- 
tric layer comprises nitride/oxide. Oxide/nttnde/oxide or 
other suitable dielectric layers or stack of layers such as 
oxide nilridized oxide, or NONO are also uselul As 

to shown, the node dielectric layer lines the collar and epi 
buried plate 

j [0032] By lining the lower portion of the trench with 
the epi layer, the roughness of the surface on which the 
j node dielectric is formed is reduced Reducing the sur- 
fs I face roughness decreases the random enhancement of 
the electric field in the node dielectric and the introduc- 
tion of random defects, providing a tighter distribution of 
capacitor breakdown voltage compared to capacitors 
having a relatively rougher surface. This improves mari- 
20 ufacturing yields. 

[0033] Connecting the epi buried plate 365 of the ca- 
pacitor to other capacitors within the DRAM array is a. 
buried well 370 comprising dopants of the second elec- 
trical type. In one embodiment, the buried well is formed 
25 by implanting n-type dopants, such as As or P. The con- 
centration of the well is about 1x10 17 - 1x10 20 cm" 3 . The 
buried well can also be formed with an n-type epi layer 
A reference voltage is coupled to the buried well. Con- 
necting the buried plates of the capacitors in the DRAM 
30 array to a common reference voltage reduces the max- 
imum electric field in the dielectric layer, thus improving 
reliability. In one embodiment, the reference voltage is 
midway between the bitline low and high voltage limits, 
commonly referred to as V 0D /2. Other reference voltag- 
es es such as ground are also useful. Also, a reference volt- 
age that is equal to the substrate bias voltage is useful, 
particularly with heavily doped substrates such as p-/p+ 
substrates, 

[0034] A strap 362 is provided above the doped poly 
^o Dopants from the doped poly 361 outdiffuse into the sil- 
icon forming a node diffusion region 325 or node junc- . 
tion to couple the transistor and capacitor. Although the 
illustrative embodiment is described with a buried strap, 
other types of couplings such as a surface strap are also 
4 5 useful. 

[0035] A collar 368 is provided in the upper portion of 
the trench and extends to about the top of the buried 
plate. As shown, the collar is slightly recessed below the 
substrate surface to accommodate a buried strap 362 

so The collar comprises a dielectric material In one em- 
bodiment, the collar comprises a thermal oxide under- 
neath a TEOS layer The use of a, thermal oxide collar 
is also uselul Providing a nitride liner on the surlace ol 
the collar is also useful The collar prevents or reduces 

55 leakage from the node junction to the buried plate. In 
one embodiment, the collar is about l 2um deep and 20 
- 90nm thick O! course, the depth and thickness can 
vary depending on design requirements 



i 



4 



EP 0 967 644 A2 



[0036] Ah Sir 380 is' provided in a lop .portion ol the 
Ironcn to isolate Ihe DRAM cell from piher cells m the 
array and to prevent strap formation between adjacent 
capacitors As shown .the STl overlaps a portion ol the 
trench leaving a remaining portion to permit current to 
flow between the transistor ana capacitor In one em- 
bodiment, the STl nominally overlaps aboul hall the' 
trench widlh The. STl prevents or reduces strap to strap 
leakage The depth of the STl is aboul 0 25u.m i 
[0037] A p-type well is provided in the substrate under 
the transistor to prevent or reouce puncnthrough The 
transistor 310 comprises a gale stack 312 and dram/ 
source diffusion regions 313 and 314 separated by a 
channel region 319. The diffusion regions comprise n- 
*fype dopants such as As or P Diffusion region 314 is 
coupled to the node junction 325 The .gate stack, also 
referred to as the "wordline," comprises poly 315 layer. 
Typically, the poly is doped witn either n or p-type do- 
pants Optionally, a metal sihciae layer (not shown) is 
formed over the poly layer to reduce sheet resistance of 
the gate stack The poly and siiicide are sometimes re- 
ferred to as "polycide" 

[0038] As shown, the gate stack is capped with a ni- 
tride layer 31 6 that is usee] as an etch mask for isolating 
the wordline. Additionally, sidewall oxide (not shown) 
and a liner 31 7 are used to isolate the wordline The lin- 
er, for example comprises nitriae or other suitable ma- 
terial The liner also serves as an etch stop during the 
formation of a borderless contact 383 The borderless 
contact provides a connection between diffusion 313 
and a bitline 385 A dielectric layer 389 such as BPSG 
or another dielectric material sucn as oxide, isolates the 
bitline from the diffusion regions Typically, a barrier or 
liner layer (not shown) lines the contact opening to iso- . 
late the contact stud from the gate 
[0039] A passing wordline 320 is formed above an STl 
380 The passing wordline is isolated from the trench by 
the STl and a thick cap oxide In one embodiment, the 
edges of the passing wordline a r e substantially aligned 
with the trench sidewallS: Sucn a configuration is re- 
ferred to as a folded bitline architecture Other configu- 
rations such as for example, ooen or open-folded ar- 
chitectures are also useful. AdoitionaMy other cell de- 
signs using, for example, vertical transistors, are also 
useful 

[0040] In another embodiment the epi buried layer is 
undoped. The use of an undoped buried plate is useful 
in an inversion cell. A description of an inversion cell is 
described in. for example, Uniied States Patent Appli- 
cation USSN 08/688,345 filec 7/30/S6 tilted "Deep 
Trench Cell Capacitor with Invening Counter Electrode, 
"which is herein incorporated ty reference for all pur- 
poses 

. [004 1 ] In accordance with yet another embodiment ol 
the invention, a diffusion region 567 surrounds the lower 
portion of Ihe trench The diffusion region comprises do- 
pants ol the same electrical tyce as the poly 36 1, lor 
example n-type dopants such as As or P The dillusion 
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tegion serves as a dopant source from which dopants 
diffuse into the epi buried plate 365 Providing a dopant 
source enhances oi increases the dopanl concentration 
ol ihe ept buried plate Increasing the dopant concen- 
tration ol ihe buried plate avoids or reduces loss of ca- 
pacitance due to electrical depletion ol majority carriers' 
which in this case are electrons from the surface ol the 
storage electrode increasing the dopant concentration 
also reduces series resistance, avoiding degradation in 
read/wnle time. 

[0042] When a heavily doped substrate is employed 
it is preferable to lorm an epi spacer layer in the lower 
portion of the trench prior to forming the diffusion region 
•The epi spacer layer is undoped or lightly doped with 
dopants having the second electrical type, such as As 
or P it is desirable to form the diffusion region substan- 
tially within the epi spacer layer This can easily be 
achieved, for example, by lowering the thermal budget 
and/or providing a suff iciently thick spacer layer. Provid- 
ing the epi spacer layer in which the diffusion region is 
formed produces a more graded p/n junction between 
the substrate and buried plate, thereby reducing leak- 
age. Furthermore, the spacer layer facilitates the forma- 
tion of a buried plate with higher dopant concentration 
[0043] As described, the first electrical type is p-type 
and the second electrical type is n-type. The invention 
is also applicable to trench capacitors haying p-type poly 
formed in an n-type substrate. Further, it is possible to 
heavily or lightly dope the substrate, wells, buried plate., 
and other elements of the DRAM cell with impurity at- 
oms to achieve the desired electrical characteristics. 
[0044] As described in Fig, 3, the trench capacitor in- 
cludes a buried plate formed with an epi layer or a plu- 
rality of epi layers The epi layer or layers, for example 
are selectively formed on the lower portion of the trench 
The lower portion of the trench is expanded to advanta- 
geously increase the capacitance ol the capacitor. In 
one embodiment, the collar of the trench capacitor is 
formed prior to the selective epi growth and node die- 
lectric deposition. Forming the collar prior to the selec- 
tive epi growth advantageously provides a buried-plate 
that is self-aligned to the collar Techniques such as "col-' 
lar first process" are useful in forming the collar prior to 
forming the buried plate. Such techniques are described 
in, for example, US Patent 5,656,535 to Ho et al. and 
US Patent 5,264,716 to Kenney, which are herein incor- 
porated by reference for all purposes. Other techniques 
which employ a two step trench etch are also useful 
[0045] Figs. 4a-d show the process for forming a 
DRAM cell in accordance with an embodiment of the in- 
vention. The invention is described in the context of a 
memory cell with an n-channel device The invention is 
also useful for applications using.p-channel devices 
[0046] Referring to Fig 4a, a substrate 401 is provid- 
ed on which the DRAM cell is fabricated. The substrate 
for example! comprises silicon Other types of semicon 
ductor substrates are also useful Typically, the sub- 
strate is lightly doped with, for example, p-type dopants 
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(p ) such as B The concentration of the B is about 1 - 
2x10' 6 atoms/cm 3 Higher concentrations of B. which 
produce a heavily doped p-type (p t ) substrate are also 
useful The use of a p-/p+ epi substrate is useful Typi 
cally the epi portion is about 2-3 um thick with a dopant 
concentration of about 10 16 -10 17 atoms/cm- 3 to avoid 
outdiffusion of dopants from the p+ or p-/p+ substrates 
the backside of the wafer can be sealed with an oxide 
layer formed by a low temperature oxide (LTO) deposi- 
tion process. The use of lightly or heavily doped n-type 
substrates is also useful 

[0047] The substrate can also include an n-type bur- 
ied well 470 The buried well comprises P or As dopants 
In one embodiment, a mask is patterned to define the 
buried well regions. N-type dopants, such as P, are im- 
planted into the buried well regions of the substrate Typ- 
ically, the buried well regions are located below the array 
devices but not the support devices. The implant is per- 
formed with sufficient energy and dose to deposit the 
peak concentration of P dopants in the bottom region of 
a collar that is formed. The buried well serves to isolate 
the p-well from the substrate and also forms a conduc- 
tive bridge between the epi-plates. The concentration 
and energy of the phosphorus implant is about > 1 x1 0 13 
cm* 2 at about 1.5 MeV. Alternatively, the buried well is 
formed by implanting dopants and then growing an epi 
layer above the substrate surface. Such a technique is 
described in US Patent 5,250,829 to Bronner et al . 
which is herein incorporated by reference for all purpos- 
es. 

[0048] Typically, a pad stack 407 is formed on the sur- 
face of the substrate. The pad stack comprises, for ex- 
ample, a pad oxide layer 404 and a polish stop layer 
405. The polish stop layer serves as a polish or etch 
stop for subsequent processes and may comprise, for 
example, nitride. The pad stack also includes a hard 
mask layer 406, typically comprising TEOS. Other ma- 
terials, such as BSG, are also useful for the hard mask 
layer. The hard mask layer is patterned using conven- 
tional lithographic and etch techniques to define a region 
in which a trench 409 is then formed. 
[0049] In the upper portion of the trench is a dielectric 
collar 468. In one embodiment, the collar comprises 
thermal oxide underneath TEOS. Typically, the thick- 
ness of the collar is about 20-50 nm. Alternatively, the 
dielectric layer comprises thermal oxide. The collar may 
also include a nitride liner formed over the oxide. 
[0050] The lower portion of the trench is expanded. 
Expanding the lower portion of the trench increases the 
surface area of the trench, thereby increasing capaci- 
tance Typically, the trench is about 6 - 8um below the 
surface of the substrate. Of course the depth of the 
trench depends on design. The hard mask layer 406 can 
be removed after formation of the trench Removal of 
the hard mask later on in the process flow is also useful 
Typically, the hard mask is removed by a wet etch 
[0051] In one embodiment, the lower portion of the 
trench is expanded using an isotropic etch such as a 



chemical dry etch (CDE) The CDE is selective to oxide 
thereby expanding the bottom ot (he trench sidewalls 
while the upper portion is protected by the collar The 
CDE expands the lower portion of the irench to a diam- 

5 eter or width ol about W L . where W L is greater than 
about W u As there are usually other trench capacitors 
m the IC, W L is less than about a diameter that would 
result in the trench sidewalls contacting adjacent trench- 
es This leads to leakage or shorts between adjacent 

io capacitor. > ■ 

[0052] In one embodiment a sufficient amount of sub- 
strate separates the lower portion of adjacent trenches 
to avoid or reduce leakage Typically, the amount of sub- 
strate that separates adjacent trenches is about 25 nm 

'5 or greater The trenches are typically separated by a dis- 
tance equal to about F. In one embodiment, W L is great- 
er than \N U but less than about 2F; preferably W L is 
greater than W y but Jess than about 2F - x, where x is 
the amount of space separating adjacent trenches to 

20 avoid or reduce leakage In one embodiment, x is about 
25nm. The amount of expansion may also vary, depend- 
ing on various factors such as the shape of the trenches 
and the layout. Also the use of a diffusion region sur- 
rounding the lower portion of the trench also affects the 

25 separation between adjacent cells. 

[0053] To remove any native oxide prior to formation 
of an epi layer in the lower portion of the trench, a hy- 
drogen prebake can be performed. The hydrogen preb- 
ake is useful, for example, where different tools are used 

30 for the doping or epi growth. This scenario results in a 
thin oxide film forming on the silicon trench sidewalls 
due to exposure to oxygen during the transfer from one 
tool to another. The prebake is performed, for example, 
at a temperature of about 900 °C for about 20 seconds 

35 at a pressure of about 20 Torr with about 25 slm of H 2 . 
[0054] Referring to Fig. 4b. an epi layer 465 is depos- 
ited in the portion of the trench below the collar The epi 
layer is doped with n-type dopants such as P or As The 
epi layer, in one embodiment, is formed selective to the 

40 oxide. Such technique is referred to as selective epi 
growth (SEG). SEG is described in, for example, Wolf, 
Silicon Processing for the VLSI Era, Vol. 2. Lattice 
Press, 1990. which is herein incorporated by reference 
for all purposes. SEG forms the epi on exposed silicon. 

45 As a result, epi is formed on the exposed sidewalls in 
the lower portion of the trench while the collar and pad 
stack as a mask prevent epi growth thereon. 
[0055] The epi layer is deposited, in one embodiment, 
by rapid thermal chemical vapor deposition (RTGVO) 

50 Other chemical vapor deposition techniques are also 
useful for depositing the epi layer. Various silicon sourc- 
es or precursors, such as silicon tetrachloride (SiCI 4 ), 
dichlorosilane (SiH 2 CI 2 ). trichlorosilane (SiHGI 3 ). and 
silane (SiH 4 ). are useful for growing epi. Hydrogen (H 2 ) 

55 serves as a dilutant and hydrogen chloride (HCI) gas is 
used to enhance the selectivity ol the epi growth. 
[0056] In one embodiment, the epi layer is in-situ. 
doped with dopants during epi growth Insitu doped is 
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achieved by flowing dopants into the reactor during 
growth For example PH 0 (P source) or AsH 3 (As 
source) is introduced into the reactor io provide an h- 
doped epi layer A p-type epi layer can also be used 
B ? H- is used as ihe p-lype dopant source tor a p-type 5 
epi layer Such, p-type epi layer may oe useful with p- 
channer array devices To achieve a sufliciently high 
growih rate of typically about 5 - 50 nrrvmin, the depo- 
sition temperatures are between about 350 - 1050 °C 
Ol course, temperatures can be varied to achieve higher 
or lower growth rates by increasing or decreasing the 
temperature Selectivity is controlled by varying for ex- 
ample HCI and H 2 Mow rates during epi formation Also, 
the dopant concentration can be varied within the de- 
sired ranges to increase or decrease selectivity of the 
epi growth/Depositing an undoped epi layer is also use- 
ful 

[0057] The dopant concentration of the buried plate 
depends on design requirements. For example it is de- 
sirable to provide a highly doped buried plate that is 
thicker than the space charge region as rt effectively pre- 
vents the current (low in the presence of a voltage bias 
The dopant concentration is greater than about 1x10 18 
atoms/cm 3 The dopant concentration is, for example, 
from about 1x10 18 - 1x10 21 atoms/cm- Typically, the 
dopant concentration is about 1x10 19 - 1x10 20 atoms/ 
cm 3 . 

[0058] The desired or target thickness of the buried 
layer depends on design requirements arid dopant con- 
centration. Typically, the target thickness is about 1-10 
nm. Of course, the target thickness may vary for differ- 
ent applications. The target thickness of the epi layer is 
typically affected by the dopant concentration therein 
For example higher dopant concentrations enable the 
use of a thinner epi layer. Conversely, lower dopant con- 
centrations result in the use of a thicker epi layer For 
example, the target thickness of ah epi layer with a do- 
pant concentration of about 4X10 1 9 atoms/cm' 3 is equal 
to or greater than about 4nm 

[0059] In some embodiments, an undoped or lightly 
doped (p-) epi spacer layer 434 is optionally provided 
between the substrate and the more heavily doped epi 
buried plate The epi spacer layer is particularly useful 
when a heavily doped substrate is employed. The spac- 
er layer improves the separation of dopants between the 
n+ epi buried plate and the p+ substrate The thickness 
of the spacer layer is, for example, about i -10 nm. 
[0060] A dielectric layer 464 is formed over the sur- 
face of the wafer, covering the interior of the trench in- 
cluding the collarand epi buried plate. The dielectric lay- 
er serves as the node dielectric, separating the elec- 
trodes of the capacitor In one embodiment, the dielec- 
tric layer comprises a nitride/oxide (NOi film stack. The 
NO film stack is formed by, for example depositing a- 
nitride layer CVD in an FTP tool may be used to deposit 
the nitride layer. Typically, the thickness ol the nitride 
layer is about 5nm. The nitride layer is then oxidized at 
a temperature of about 900°C todensify it The oxidation 



process results in an NO layer having essentially the 
same or slightly increased thickness as the nitride layer 
The use of an NO layer improves the quality of the node 
dielectric Other dielectric film or tilm stacks such as ox 
ide. oxynitride oxide/nitnde/oxide lONO) oxide/nitride- 
oxide/ nitride (ONON) or nitride/oxide/niinde/oxiae 
(NONO) are also useful 

[0061] The epi layer provides a surface with less surr 
lace roughness than that of conventional capacitors 
Reducing the surlace roughness improves the reliability 
of the node dielectric thereby increasing yields 
[0062] A poly layer 47 1 is deposited on the surlace of 
the water filling the trench and covering the pad stack 
The poly is deposited by for example CVD As shown 
the poly layer is conformal The poly layer is insitu doped 
with n-type dopants such as P and As In one embodi- 
ment, the poly layer is doped with As The concentration 
of As in the poly layer is about ixiO 19 - ixiO 20 atoms/ 
cm* 3 The doped poly serves as the node electrode of 
the capacitor ' 

[0063] Referring to Fig 4c: iBxcess poly and hard 
mask are removed by. foVexample: a sequence of etch 
and polishing steps Polishing techniques such as 
chemical mechanical polishing (CMP) are useful. The 
pad stop iayer 405 serves as a CMP stop layer, causing 
the polishing to stop once it reaches the nitride layer. A 
substantially planar surface between the nitride layer 
405 and trench poly is produced for subsequent 
processing In some embodiments the hard mask can 
be removed earlier in the process flow 
[0064]- After the surlace of the wafer is planarized, the 
doped poly 471 in the trench is recessed by, for exam- 
ple/reactive ion etching (RIE) to form the buried strap 
In one embodiment, the poly is recessed to about 
TOOnm below the silicon surface. The recess exposes 
an upper portion of the collar 468. The exposed portion 
of the collar is removed, typically by a wet etch. The wet 
etch overetches the collar, recessing it below a top sur- 
face 463 of the poly 461 . Typically theoveVetch recess- 
es the collar about 50 nm below the poly 
[0065] A poly layer 462 is deposited on the substrate 
covering the nitride layer and filling the recessed portion 
of the trench Typically the poly layer is an intrinsic or 
undoped poly layer Amorphous silicon is also useful for 
filling the trench. Layer 462 may also be doped, depend- 
ing on design requirements, to reduce resistivity. The 
poly layer is planarized down to the nitride layer. After 
planarization. the poly in the trench is recessed to, lor 
example, about 50nm below the surface of the sub- 
strate, forming the buried strap 462 In the example de- 
scribed above , the buried strap is about 10 nm thick Of 
course, the various recesses can be optimized to result 
in a buried strap as specified by design requirements 
>. Other techniques for forming a buried strap are also use- 

[0066] jjh Fig 4d ihe active area of the DRAM cell is 
delined. An anti-reflective coaling (ARC) layer is depos- 
ited on the substrate surface, covering the nitride layer 
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and strap The ARC \$ used to improve the resolution of 
the hthographic process lor defining the active area 
{ AA) A resist laver is formed above the ARC layer serv- 
ing as an AA etch mask The active region ts then de 
fined by conventional lithographic technique The non- 
active region ol the cetl is then anisotropicalty etched by 
for example RIE to lorm a shallow trench 480 therein 
The nonactive region is the region where an STI is to be 
formed 

[0067] As shown, the nonactive region overlaps a por- 
tion ol the trench, cutting off part of the strap A remain- 
ing portion of the buried strap allows current to flow be- 
tween the storage node and node junction Typically the 
STI overlaps about half the trench width. The depth of 
the STI is below the buried strap to prevent strap to strap 
leakage between adjacent cells. The depth of the STI is 
about 0.25pm below the silicon surface. 
[0068] After the non-active region is etched, the resist 
and ARC layers are removed. To ensure that no resist 
or ARC residues remain, clean steps may be employed 
To prevent oxygen from diffusing into the silicon and poly 
sidewalls, a nitride liner 481 is provided to protect the 
nonactive region. Typically, a passivation oxide is ther- 
mally grown on the exposed silicon prior to forming the 
nitride liner The nitride liner is formed by. for example, 
low pressure chemical vapor deposition (LPCVO). The 
nitride liner is formed over the substrate surface, cover- 
ing the nitride layer and nonactive STI region. 
[0069] A dielectric material is deposited on the sur- 
face of the substrate, filling the shallow trench 480. The 
dielectric material, for example, comprises Si0 2 . In one 
embodiment, the dielectric material is TEOS. The thick- 
ness of the dielectric layer is sufficient to fill the nonac- 
tive region The surface of the substrate is polished so 
that the top surfaces of the STI and the nitride are sub- 
stantially planar. 

[0070] The pad nitride layer is then removed by, for 
example, a wet chemical etch. The wet chemical etch is 
selective to oxide. The pad oxide is also removed at this 
point by a wet chemical etch selective to silicon. After 
removal of the pad oxide, an oxide layer is formed on 
the surface of the wafer. The oxide layer, referred to as 
a "gate sacrificial layer", serves as a screen oxide for 
subsequent implants. 

[0071] To define a region for a prtype well 430 for the 
n-channel access transistor of the DRAM cell, a resist 
layer is deposited on top of the oxide layer and appro- 
priately patterned to expose the p-well region. As 
shown, p-type dopants, such as boron (B) are implanted 
into the well region. The dopants are implanted suffi- 
ciently deep to prevent punchthrough and to reduce 
sheet resistance The dopant profile is tailored to 
achieve the desired electrical characteristics, e.g., gate 
threshold voltage (V,) 

[0072] In addition, p-type wells lor n-channel support 
circuitry are also formed. For complimentary wells in 
complimentary metal oxide silicon (CMOS) devices, n- 
type wells (n wells) are loaned Additional lithographic 



and implant steps are required lor defining and lormmg 
n wells As with the p-welis the profile of the n-wells is 
tailored to achieve the desired electrical characteristics 
Alter the wells have been formed, the gate sacrificial lay • 
5 er is removed Forming the doped wells earlier in (he 
process flow is also useful 

[0073] Various layers that form the transistor gale are 
deposited on the substrate Such layers include, for ex- 
ample, a gate oxide 411, a poly 415 (which can include 

to a silicide such as WSt x> where x=2-3) and a nitride 416 
These layers are then patterned to form the gate stack 
of the transistor 410 A passing gate stack 420 is typi- 
cally formed over the trench and isolated theretrom by 
the STI and oxide on top of the trench Diffusion regions 

is 413 and 414 are formed by implanting n-type dopants 
such as P or As. In one embodiment. P dopants are im- 
planted into the source and drain regions The dose and 
energy is chosen to produce a dopant profile that 
achieves the desired operating characteristics. To im- 

20 prove diffusion and alignment of the diffusion regions to 
the gate, nitride spacers (not shown) may be employed. 
To connect the transistor to the trench: a node junction 
425 is created by outdiff using dopants through the strap 
462. 

2$ [0074] A dielectric layer 489 is formed over the wafer 
surface and pianarized, covering the gates and sub- 
strate surface. The dielectric layer, for example, com- 
prises BPSG. Other dielectric layers, such as TEOS, are 
also useful. A liner layer 417 comprising nitride, for ex- 

30 ample, is formed prior to the dielectric layer 489 to serve 
as an etch stop for forming a borderless contact open- 
ing. As shown, the borderless contact opening 483 is 
etched to expose the diffusion region 413. The contact 
opening is then filled with a conductive material, such 

35 as n+ doped polysilicon or other conductive material 
forming a contact stud therein. A metal layer, represent- 
ing a bitline 485, ts formed over the dielectric layer, mak- 
ing contact with the diffusion region via the contact stud. 
[0075] Alternatively, a surface strap instead of a bur- 

40 ied strap is used The use of a surface strap does not 
require the recessing of the poly to form the buried strap 
as described above with Fig. 4d. Techniques for forming 
a surface strap to connect the capacitor with the tran- 
sistor are well known and will not be described. 

45 [0076] In another embodiment, the epi buried layer is 
undoped The use of an undoped buried plate is useful 
in an inversion cell A description of inversion cell is de- 
scribed in, for example. United States Patent Applica- 
tion USSN 08/688. 345 filed 7/30/96, titled "Deep Trench 

so Cell Capacitor with Inverting Counter Electrode," which 
is already herein incorporated by relerence tor all pur- 
poses. 

[0077] Relerrmg to Fig 5 : an alternative embodiment 
of the invention is shown As shown, a bottle-shaped 
55 trench 409 as described in Figs ,4a is provided in a sub- 
strate 401. A diflusion region 467 is optionally provided 
The diflusion region surrounds the lower portion of the 
trench. The dilfusion region is formed by depositing do- 
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pants in ine lower portion ot me trench sidewalls Forma •* 
tion of the diffusion region is Descr ibed in concurrently died 
US Parent Application USSN , (Attor-. 
neydocke: number 98P7492 USOl), tilled "TRENCH CA- : 
PACITOR WITH EPi BURIED LAYER" which »s herein 5 
incorporated by reference fc^ all purposes The diffusion 
region comprises oopants of :ne same eieclncai type as 
the dopants used to form the storage node In one em 
bodiment the. diffusion regie comprises n-lype dopants 
such as P or As )0 
[0078] the diffusion region serves as a dopant source 
to enhance the dopant concentration ol the epi buried 
plate 465 Increasing the dopant concentration of the 
buried plate avoids or reduces loss of capacitance due 
ttf electrical depletion of majority carriers which in this '5 
case are electrons from the surface of the storage efec- ■ 
trode Increasing the dopant concentration also reduces 
series resistance avoiding degradation in read/write 
time., v 

[0079] In one embodiment the diffusion region sur- 20 
rounding the bottom portion of the trench is formed by. 
for example gas phase doping Other techniques such 
as plasma idpping (PLAD) and plasma immersion ion im- 
plantation (PHI) are also useful Such techniques are de- 
scribed in for example, copending US Patent Applica- 25) 
tion USSN 09/031.995 'attorney docket number 
98P7430 US) titled "IMPROVED TECHNIQUES FOR 
. FORMING TRENCH CAPACITORS IN AN INTEGRAT- , 
ED CIRCUIT:" and concurrently filed US Patent Appli- 
cation USSN ■ _ _ j {Attorney docket 30 
number 98P7492 US01 ) : tilled 'TRENCH CAPACITOR 
WITH EPI BURIED LAYER " which are herein mcorpo- '» . 
. rated by reference for all purposes. The collar advanta- , 
geously serves as a dopant mask providing a diffusion 
region 467 that is self-aligned 3S 
[0080) The surface concentration of the diffusion re- 
gion is tor example greater than the dopant concentra- 
tion of the substrate In one embodiment, the surface 
concentration of the diffusion region is about 1xl0 18 at- 
oms/cm ; preferably about IxiO 20 atoms/cm 3 and *o 
more preferably about IxiO 22 atoms/cm 3 In another 
embodiment the surface concentration is about 5x1 0 lB 
- IxiO 20 atoms/cm 2 In yet another embodiment the > ■ = 
surface concentration is about 5x1 0 1 5 - 1x10 22 atoms/ 
cm 2 The surface junction depth of the diffusion region 45 
is about 10 - 70% pi F preferably about 30 - 60% of F. 
For example trie junction depth is about 15 - 100 nm 
and preferably about 45 - 90 nm when F is about 1 50nm 
Alter formation ol the diffusion region the process con- 
tinues as described in Figs 4a-d so 
[0081] Figs 6a-c show a process for forming the collar 
prior to forming the epi buried plate Such' a process is 
described. m copending US patent application USSN 
09/055 506 (Attorney Docket Number 99P7491 US), li- 
ned "TRENCH CAPACITOR WITH ISOLATION COL- 55 
LAR " which is herein incorporated by reference for all 
purposes As shown m Fig 6a a semiconductor sub- 
strate 50i. is provided The substrate, lor example com- . 
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prises silicon Other types ot substrates are. also usclul 
The substrate includes a buried well 570 On the surface 
.of the substrate is a pad stack 507 comprising various 
pad layers such as pad oxide, a pad nitride and a ha'd 
mask layer The pad stack is patterned to define a region 
in which a trench 509 is formed by RIE The trench is 
filled wilh a sacrificial material 511 such as poly or amor^ 
phous silicon Other sacrificial materials that are stao'e 
up to about i 050- 11 00Qc are also useful The sacrificial 
material is recessed to a depth equal to the bottom of 
the collar 

[0082] A dielectric layer 567 is deposited lining the 
sidewalls of the trench and surface of the sacrificial ma- 
terial The dielectric layer comprises, for example ox»de 
to serve as the collar oxide In one embodiment, the di- 
electric layer is formed by first growing a thin layer of 
thermal oxide and then depositing a layer of TEOS ther- 
eover. The thickness of the oxide is for example about 
5-lOnm, and the collar is about 20-50 nm thick, Alterna- 
tively, the dielectric layer comprises thermal oxide. A ni- 
tride liner may be formed over the dielectric layer Other 
types ot dielectric to serve as the collar are also useful 
[0083] Ref erring to Fig. 6b, a collar open etch is per- 
formed to expose the sacrificial material 511 An aniso- 
tropic etch such as a RIE is used to open the collar The 
RIE also removes the dielectric layer from the surface 
of the pad stack and the top of the sacrificial material, 
leaving the dielectric layer remaining on the silicon side- 
wall to form a collar 568. As depicted, the upper portion 
of the dielectric layer lining the trench sidewalls is ta- 
pered as a result of erosion from the RIE. However, 
since the collar will subsequently be recessed to below 
the'substrate surface past the point of the taper, the ta- 
per does not adversely affect the functionality of the col- 

tar. - - , . ^ N 

[0084] Referring to Fig. 6c, the sacrificial material 511 
is removed by, for exampJef a wet etch to expose the 
sidewalls in the lower portion of the trench A dry etch 
such as a CDE expands the lower portion 509 of the 
trench unprotected by the collar to a diameter of WL 
which is greater than Wj. The process continues as de- 
scribed in Figs. 4a-d or Fig. 5. . 
[0085] Alternatively, the collar can be formed by LO- 
COS oxidation. LOCOS oxidation techniques are de- 
scribed in, for example, US Patent 5,656,535, which is 
herein incorporated, by reference for all purposes In 
such techniques, a nitride layer is deposited after the 
trench is formed. The nitride layer lines the trench side- 
walls The nitride layer is sufficiently thick to protect the 
trench sidewalls from being oxidized Typically, the ni- 
tride layer is about 50 A thick Resist is then deposited 
and recessed to about the bottom of the collar, exposing 
the nitride layer in the upper portion of the trench A wet 
etch removes the exposed nitride The resist is re- 
moved, leaving the nitride layer lining the bottom portion 
of the trench LOCOS oxidation is then employed to form 
the oxide collar in the exposed trench sidewalls in the 
upper portion of the trench The thickness ol the LOCOS 
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collar is ior example, about 20-30 nrn The nitride layer 
is then removed selective to the collar oxide, to expose 
the sidewalls in the lower portion of the trench The lower 
portion of the trench unprotected by the collar is expand- 
ed by lor example, a COE to a diameter of WL which is 
greater than W u The process continues as described 
in Figs 4a-d or Fig 5. 

[0086] Figs. 7a-d show another process for forming 
the collar prior to forming the epi buried plate. As shown 
in Fig 7a, a semiconductor substrate 601 is provided. 
The substrate, for example, comprises silicon Other 
types of substrates are also useful. The substrate in- 
cludes a buried well 670. On the surface of the substrate 
**is a pad stack 607 comprising various pad layers such 
as pad oxide, pad nitride and a hard mask layer The 
pad stack is patterned to define a region in which a 
trench is formed by RIE. 

[0087] The defined region is then etched by, for ex- 
ample, reactive ion etching (RIE) to form an opening in 
the pad stack to expose the substrate. The exposed 
substrate is etched to a depth that defines abouj the bot- 
tom of the collar, forming a trench 608. In one embodi- 
ment, the opening 608 is etched to a depth of about 1 - 
1 5pm. Of course, this depth can vary depending on de- 
sigh requirements. 

[0088] A dielectric layer 667 is deposited, lining the 
sidewalls and bottom of the trench. The dielectric layer 
comprises. for example, oxide to serve as the collar ox- 
ide. In one embodiment, the dielectric layer is formed by 
first growing a thin layer of thermal oxide to a thickness 
of about 5 - TOnm, followed by depositing a layer of TE- 
OS thereover. Typically, the collar is about 20-50 nm 
thick. Alternatively, the dielectric layer comprises ther- 
mal oxide. A nitride liner may be formed over the dielec- 
tric layer. Other types of dielectric to serve as the collar 
are also useful. 

[0089] Referring to Fig 7b, a collar open etch is per- 
formed to expose the substrate at the bottom surface of 
trench 608. An anisotropic etch such as a RIE is used 
to open the collar. The RIE also removes the dielectric 
layer from the surface of the pad stack and bottom of 
trench 608, leaving the dielectric layer remaining on the 
silicon sidewall to form a collar 668. As depicted, the 
upper portion of the dielectric layer lining the trench side : 
walls of opening 608 is tapered as a result of erosion 
from the RIE. However, since the collar will subsequent- 
ly be recessed to below the substrate surface past the 
point of the taper, the taper does not adversely affect 
the functionality of the collar 

[0090] Referring to Fig. 7c, an RIE is performed. The 
RIE etches the exposed substrate surface at the bottom 
of trench, extending its depth The RIE etches the sub- 
strate to form a bottom portion 669 of the trench 609. 
Typically, the trench is about 6 - 8u.m below the surface 
of the substrate Of course, the depth of the trench de- 
pends on design requirements as well as processing ca- 
pabilities The hard mask layer may be removed after 
the formation of the trench Alternatively the hard mask 



can be removed later on in the process flow Typically 
the hard mask is removed by a wet etch 
[0091] Referring to Fig 7d the lower portion 669 ol 
the trench is expanded by a dry etch such as a CDE 
5 The CDE expands the lower portion of the trench to a 
diameter of W L , which is greater than W u After the CDE 
the hard mask can be removed if not already removed 
earlier The process continues as described in Figs 4a- 
d or Fig 5 

io [0092] While the invention has been particularly 
shown and described with reference to various embod- 
iments, it will be recognized by those skilled in the art 
that modifications and changes may be made to the 
present invention without departing from its scope 

is Merely by way of example, the trench capacitor may be 
formed with a surface strap as well as other cell or billine 
configurations may be employed. The scope of the in- 
vention should therefore be determined not with refer- 
ence to the above description but with reference to the 

20 appended claims along with their full scope of equiva- 
lents 



Claims 

25 

1. A semiconductor integrated circuit comprising: 

a bottle-shaped trench capacitor having an ex- 
panded lower trench portion; and 
30 an epitaxial layer lining sidewalls of the expand- 

ed lower trench portion of sidewalls below an 
oxide collar which lines an upper portion of the 
trench 
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